
Zinc is most often used because it's inexpensive, adheres 
well to steel and provides additional cathodic protection to 
the steel surface. This becomes important if the zinc layer is 
pierced (often at seams and joints). In more corrosive envi­
ronments, like salt water, cadmium is preferred over zinc. 
More modern galvanization processes add aluminum, which 
migrates to cover scratches. 

Anodic Corrosion Inhibitors. This corrosion inhibitor, 
commonly chromate, forms an anticorrosion layer on steel 
or aluminum surfaces. A significant downside is that this 
type of anodic corrosion inhibitor is a proven human car­
cinogen. In fact, the inclusion of chromate in some products 
is banned. For this reason, expert advice is crucial before 
considering the use of anodic inhibitors. 

Another anodic corrosion inhibitor is pertechnetate, but 
like chromates, there is a major drawback. Its technetium 
family is a radioactive isotope-more radioactive than even 
uranium. Its use is restricted to tightly controlled areas such 
as nuclear reactors. Nitrites and phosphates can be more at­
tractive alternatives. It's important to remember that if the 
concentration of anodic inhibitor is too low, it can actually 
aggravate pitting corrosion because it forms an irregular lay­
er. 

Adsorption Corrosion Inhibitors. Many organic inhibi­
tors work by adsorption. The resultant film of chemisorbed 
inhibitor is then responsible for protection either by phYSi­
cally blocking the surface from the corrosion environment 
or by retarding the electrochemical processes. Adsorption 
inhibitors must have polar properties in order to be adsorbed 
(amines). Often, these molecules have two functions. They 
contain a hydrophilic group, which adsorbs onto the metal 
surface and an opposing hydrophobiC group, which creates 
a limit. 

Paint. Corrosion inhibitors are often added to paint, 
making paint an adsorption inhibitor. A pigment with anti­

corrosive properties is zinc phosphate. Compounds derived 
from tannic acid or zinc salts of organonitrogens can be used 
together with anticorrosive pigments. 

"Temporary rust preventives can be usefully differenti­
ated from more permanent protective coatings such as paints 
by their ease of removal," Kingston explains. "Paints are not 
deSigned to be removed while temporary rust preventives are 
designed for removal whether they are removed in practice 
or not." 

MiXEd corrosion inhibitors. Mixed corrosion inhibi­
tors use processes from both anodic and cathodic corrosion 
inhibition to protect surfaces from corrosion. The best ex­
ample of this process is steam. If used properly, steam pass­
ing through machinery, such as boilers and drive turbines, 
protects the pipes it passes through. 

OxygEn scaVEngErs. Hydrazine and a number of anti­
oxidants, such as ascorbic acid, reduce the rate of corrosion 
in aqueous environments like boilers by eliminating the dis­
solved oxygen in the water. But because hydrazine is a very 
toxic carcinogen, its use is not often recommended. Another 
oxygen scavenger is sulfite. 

MicrobicidES. High fluid bacteria counts are a primary 
cause of corrosion. The bacteria metabolize into mild organic 
acids that lower the pH of the fluid and create a friendly en­
vironment for corrosion. While the simplest solution is to 
drain the old fluid and clean the machinery, this isn't always 
practical. Oil field equipment is a good example. A viable 
alternative is to treat the fluid with a microbicide (antiseptic) 
to control and prevent future bacteria growth. Benzalkonium 
chloride (also used in a number of household products, in­
cluding hand sanitizers) is commonly used in the oil indus­

try. 
OthErs. Covering steel wi th concrete provides protec­

tion to steel by creating a high pH environment at the steel­
concrete interface. Chrome and tin plating involves the 
electrolytical application of a thin layer to the steel surface. 
This provides both corrosion protection and (in the case of 
chrome) an attractive, highly polished appearance. Because 
of this, chrome-plating is evident in the silver-colored com­
ponents of things like bicycles and motor vehicles. 

BlUing is a technique that provides limited resistance to 
corrosion for small steel items like firearms. The bluing is 
the electrochemical conversion coating that results from an 
oxidizing chemical reaction with iron that selectively forms 
magnetite (which is a black oxide of iron). This black oxide, 
however, provides little protection against corrosion unless 
the surface is also rubbed with oil to reduce moisture. Early 
gunsmiths used a similar chemical process that resulted in a 
brown finish called browning. 

Corrosion inhibitors are tested according to the ASTM 
0665 Corrosioning Test. This test exposes a steel rod to a 
mix of oil and saltwater that has been heated to 140 F (60 
C). If the rod shows no sign of corrosion after 24 hours, the 
fluid is considered satisfactory with respect to corrosion-in­
hibiting properties. 



CHOOSING A PREVENTIVE 

In addition to paints and glazes, corrosion preventives are 
commonly added to industrial nuids such as fuels, engine 
oils, coolants, hydraulic fluids and boiler water. Cuneo ex­
plains the six basic considerations for determining the cor­
rect corrosion preventive: 

1.	 TypE of mEtal. Whether it's aluminum, steel, galva­
nized, magnesium or composite, metal type dictates 
which additive is required. 

2.	 ClEaning agEnt. Will the part be cleaned and, if so, 
with what-water, alkaline cleaner or another clean­
ing agent? 

3.	 Application mEthod. If the parts are wet and the cor­
rosion preventive is applied by spraying, brushing or 
drip-coating, the product must be water-displacing to 
remove the cleaning agent from the metal surface. If 
the part is to be dip-coated, the product must not only 
be water-displacing but also water-separating (non­
emulsifiable) to enable the water, 

PREVENTIVES AS LUBRICANTS 

Rust preventives can provide lubricity. Kingston says this 
usually comes from the oil carrier that forms the bulk of the 
rust-preventive formulation. "For example, a formulation 
that is 95% oil and 5% rust preventive additive will gener­
ally provide good lubriCity," he explains. "Replacing part of 
the oil component with solvent will decrease the oiliness of 
the protective film. If more lubricity is called for, additives 
in addition to rust preventives can be included. These can 
be antiwear or extreme-pressure additives of the type com­
monly used in MWFs or circulating lubricants." 

The additives Kingston refers to tend to also be surface 
active. In some cases, they compete with the polar rust pre­
ventive additives and seriously degrade the rust preventive 
performance. This means the formula needs to be balanced 
so it provides both lubricity and rust prevention. 

"Rust preventives are often multifunctional formulations 
with rust prevention being the major focus or only one of 
many performance characteristics," Kingston says. "In addi­
tion to rust prevention, other common performance require­

ments include lubricity, penetration, 
removed from the metal, to sepa­ resistance to staining, surface finish ap­
rate from the fluid and fall to the pearance as well as corrosion control for Rust preventives
tank bottom to be drained later. non-ferrous metals." 

can provide To prevent corrosion, hydraulic flu­4. storagE and transportation 
ids include corrosion inhibitors that de­paramEtErs. It is important to lubricity. posit a protective film on metal surfaces. know what conditions will be en­

countered if storage is reqUired. 
Indoor or outdoor? Short term or long? High humid­
ity, salt atmosphere or acid fumes? Whichever it is, 
the more severe the environment, the more heavy 
duty the corrosion preventive must be. If the parts are 
to be stored in bins where there's going to be metal­
to-metal contact, a non-staining additive is required. 
Transportation often requires more heavy-duty cor­
rosion-preventing additives, especially when exposed 
to the elements such as on the back of an uncovered 
transport. 

5.	 Handling and ExposurE. Pieces that are going to be 
handled after coating and during storage should have a 
corrosion preventive that deposits a dry-to-touch film. 
Films that provide longer-term protection are usually 
greasy in nature. This film type has a tendency to be 
thicker and self-healing and also provides protection 
during periods of covered transportation. Heavy waxy 
films are reqUired for outdoor protection and are re­
sistant to severe weather conditions, UV rays and salt 
atmospheres. Oily films will usually be the least pro­
tective, and coated parts are usually stored indoors for 
short to moderate periods of time. 

6.	 DilutEnts. The best protecting films are deposited out 
of solvent, and the least protecting are deposited out 
of oil. Emulsion-deposited films fall somewhere in be­
tween. 

The film is impervious to water and, 
once the film is established throughout 

the hydraulic system, completely prevents corrosion. In or­
der to prevent fluid breakdown and the acid formation that 
causes corrosion, these additives must exhibit excellent hy­
drolytic stability in the presence of water. 

In addition to hydraulic fluids, corrosion inhibitors are 
commonly added to fluids such as coolants, fuels, engine oil 
and boiler water. 

"Corrosion inhibitors are in the formula for corrosion 
protection but seem to have a minimal impact on lubriCity," 
Cuneo says. "Some, especially amine borate types, will aug­
ment the lubricity of a fluid, but the intent is corrosion pro­
tection and most fluids contain much stronger lubricating 
packages." 

TRENDS 

In the last several years, there has been movement toward 
water-soluble or water-emulsifiable products. The attempt 
to develop a water-based product that deposits a dry film­
and dry in a reasonably short time-has had limited success, 
though. Problems with emulsion stability, re-emulsification 
in high humidity conditions and short-term corrosion pro­
tection continue. 

"With the trend of machining lighter metals, like alumi­
num and magnesium, corrosion inhibitors for these types 
of metals are being sought," explains STLE-member Jack 
Kimes, Midwest business manager for Focus Chemical in 



North Olmsted, Ohio. "Also, regulatory legislation through­
out the world is causing MWF formulators to look for boric 
acid alternatives and develop amine-free flUids. Therefore, 
development efforts for new corrosion inhibitors include bo­
ric acid andlor amine-free additives deSigned for aluminum! 
magnesium machining." 

Some of these types of products are already beginning to 
enter the market, and Kimes expects more soon. 

Experts like Cuneo say that the reduction of allowable 
VOCs will have a significant impact on corrosion preventive 
performance. This is because redUCing the amount of volatile 
solvents in the finished corrosion-preventing flUids alters the 
deposited film type, which, in turn, reduces the length of 
time the metal is protected from corrosion. Also, deposited 
films have reduced additive content due to lower volatility 
solvents evaporating at a slower rate or not evaporating at 
all. The result is that corrOSion-inhibiting products may need 
reapplication. 

As far as corrosion inhibitors are concerned, VOC con­
tent should have minimal effect because corrosion inhibitors 
are generally water- or oil-based. 

"I believe another issue that will become more and more 
important is the use of renewable resource raw materials," 
Cuneo says. 

He has been developing renewable resource corrosion 

preventive additives and finished fluids that produce equiva­
lent performance at a cost that is competitive with traditional 
petroleum-based products. 

Renewable resource solvents do have their drawbacks, 
including lack of evaporation and high cost. Cuneo expects 
the cost to go down as manufacturing procedures increase 
yields and quality. He also thinks technology will eventually 
address the slow- to no-evaporation problem. 

Kingston agrees. "Changes in rust preventives are being 
driven by two major forces. The first is government regula­
tions designed to achieve health, safety and environmental 
goals. The second is more demands from end-users to im­
prove function and lower costs. 

"End-users need to comply with these worldwide govern­
mental regulations, and they need to do this while also re­
ducing costs and increasing performance to meet worldwide 
competition. Rust preventive additives and formulations are 
continually changing in an effort to meet these two, often 
contradictory, driving forces." ii!i 

Jean Van Rensselar heads her own communi­
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